The Global Trigger is the final decision stage of the Level-1 Trigger of the CMS Experiment at the LHC. Previously implemented in VME, it has been redesigned and completely rebuilt in microTCA technology, using the Virtex-7 FPGA chip family. This allows implementing trigger algorithms close to the final analysis selection, combining different physical objects. The flexible and compact new system is presented, together with performance tests at a proton-proton centre-of-mass energy of 13 TeV. Firmware and software developments for the operation and validation of the Global Trigger will also be discussed. ABSTRACT: The Global Trigger is the final decision stage of the Level-1 Trigger of the CMS Experiment at the LHC. Previously implemented in VME, it has been redesigned and completely rebuilt in MicroTCA technology, using the Virtex-7 FPGA chip family. This allows implementing trigger algorithms close to the final analysis selection, combining different physical objects. The flexible and compact new system is presented, together with performance tests at a protonproton centre-of-mass energy of 13 TeV. Firmware and software developments for the operation and validation of the Global Trigger will also be discussed.
Introduction 1
The Global Trigger is the final decision stage of the Level-1 Trigger of the CMS Experiment at 2 the LHC. Previously implemented in VME, it has been redesigned and completely rebuilt in Mi-3 croTCA technology, using the Virtex-7 FPGA chip family. This allows implementing trigger algo-4 rithms close to the final analysis selection, combining different physical objects received from the 5 calorimeters and muon detectors. Electrons or photons, muons, jets, taus, as well as energy sums 6 can be combined. Topological conditions (angular correlations between objects) can be applied. It 7 is also possible to trigger on the invariant or transverse mass calculated for pairs of objects. The 8 number and complexity of the algorithms making up the trigger menu are substantially increased 9 compared to the VME-based "legacy" design used in Run I of the LHC. The new system is based 10 on a single principal type of board, the MP7 module, which performs the logic calculations. It was 
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The upgrade performed during the first long shutdown (LS1) of the LHC accelerator to increase which leads to a higher pile-up of events in the CMS detector is a challenge for the Level-1 Trigger.
1
The goal of this upgrade was to improve the resolution and, as a consequence, allow for efficient 2 data taking at higher collision rates while keeping the Level-1 Trigger rate at a manageable level and combines the information provided by both branches [1] .
The upgraded Global Trigger system is designed to deal with the conditions of Run II of the LHC 9 explained in Section 2. It considers the inputs of the muon and the calorimeter systems which Conditions and to merge the trigger requests from several MP7 boards running in parallel. The first Level-1 Trigger menu which was used at the beginning of 2016 p-p physics data 18 taking was composed of 201 trigger algorithms, roughly 50 % more than the legacy Run I Global
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Trigger was able to use: the system which was operating until the end of 2015 was limited to 128 20 algorithms. The number of algorithms used increased to 267 at the end of the p-p collisions run, i.e. to more than twice the number possible in the legacy system. This shows that one important 22 feature of the upgrade trigger system, the increase in the maximum number of physics algorithms, 23 was badly needed. v1  v2  v3  v4  v5  v6  v7  v8  v9  v10   Muon algorithm triggers  32  33  33  33  33  34  34  34  34  34  E/gamma algorithm triggers  37  37  37  37  43  44  44  44  44  44  Jet algorithm triggers  25  25  25  25  25  25  25  25  25  28  Tau algorithm triggers  10  10  10  10  10  11  11  12  12  12  Energy Sums algorithm triggers 29  29  28  28  28  31  31  34  34  34  Cross algorithm triggers  52  54  67  69  69  72  76  76  82  82  Correlation algorithm triggers  2  2  8  8  13  12  12  12  12 removal procedure will be introduced for cases in which the same physical object is interpreted as 21 several different trigger objects (so, a τ object can sometimes also appear as a jet, a jet can at the 22 same time be labelled as an e/γ event and so on). Measures are also planned to improve the ease 23 of use of the system. A preview mechanism will allow to accurately predict the trigger rate that 24 will be observed when switching to a different set of trigger prescales (due to trigger overlaps, this
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is not trivial). In order to prepare firmware changes and upgrades during running without jeopar-
